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The upland, mesic rainforests of Queensland are scattered in a series of disjunct mon- 
tane blocks along the east coast. They are remnants of a once widespread forest type that 
dominated Australia during the Miocene. Each of these montane blocks harbours a unique 
species of spiny mountain crayfish belonging to the genus Enastacus (Parastacidae: 
Decapoda). 

The preliminary 16s mtDNA data shows some incongruence between the phylogenet- 
ic relatedness and the geographic location of some species. To account for this a multiple 
range expansion-vicariance hypothesis is proposed. It is postulated that the group evolved 
from the range expansion of a southern ancestral form. This form underwent a range contrac- 
tion that resulted in at least two ancestral Queensland forms. These underwent a subsequent 
range expansion. A shift in climate, probably associated with the late Miocene drying of the 
continent, resulted in the ranges of these ancestral forms receding to upland areas. This isola- 
tion resulted in a large number of different species each with restricted distributions. 
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INTRODUCTION 


The upland rainforests of Queensland are scattered along the east coast in disjunct 
blocks. There is a relatively large, fragmented block on the mountain ranges in the south- 
east, a few small remnants on the isolated mountains of the central coast, and another rel- 
atively large, fragmented block on the mountain ranges in the Wet Tropics. The distribu- 
tion of these upland rainforest areas has been described as a ‘mesothermal archipelago’ 
as they constitute a chain of temperate mountain and tableland ‘islands’ that rise from a 
‘sea’ of tropical and subtropical lowlands (Nix 1991). These mesic areas are remnants of 
a once more widespread forest type that dominated Australia during the early Miocene 
(Moritz et al. 1997 and references therein). It has been suggested that the historical 
expansion, contraction and fragmentation of these refugia played an important role in the 
speciation of rainforest restricted taxa (Heatwole 1987). 

Most of the mesic rainforest refugia of Queensland harbour a unique species of 
spiny mountain freshwater crayfish of the genus Euastacus (Morgan 1988, 1989; Horwitz 
1990; Short and Davie 1993). There are now fifteen species described from Queensland 
(Short and Davie 1993). All but one, E. suttoni, which inhabits streams of the granite belt 
on the New England Tableland, inhabit the cool, fast flowing, well shaded streams of 
montane rainforests (Morgan 1988, 1989). 

This cold water adapted group (Riek 1969) is confined to higher altitudes as latitudes 
decrease. In south-east Queensland they occur only above 250 m, in central Queensland 
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above 750 m, and in north Queensland above 900 m (Morgan 1988, 1989; Cannon and 
Sewell 1994: 35, fig. 1). Riek (1959), noticing this interesting distribution, postulated that 
the group probably had a wide-ranging common ancestor that, once climatic conditions 
became hotter and drier, receded to the cooler mountains. This isolation resulted in a large 
number of different species each with restricted distributions. 

Morgan (1986, 1988, 1989, 1997), in the latest revision of the group, agreed that 
allopatric speciation was probably the dominant process of speciation. However, he 
stopped short of a detailed phylogeny or a detailed discussion of speciation. He identified 
only one morphological character, the presence or absence of a male cuticle partition, 
that may be useful in inferring phylogenetic relationships, although he was uncertain if 
this character was reliable. 

To understand the evolutionary diversification of this group it is imperative to have 
a robust phylogeny. The unique features of mtDNA which predispose it to evolutionary 
studies have been well documented (see Moritz et al. 1987; Avise 1994). 

This paper presents a preliminary 16s mtDNA phylogeny for eight of the fifteen 
species of Enastacus found in Queensland. We propose a hypothesis that may explain 
their evolution. Finally, we detail our current research which we hope, combined with a 
full phylogeny of the genus, will shed light on the evolution of these crayfish. 


MATERIALS AND METHODS 


Collection of Samples 


Samples of E. robertsi, E. fleckeri, E. balanensis, E. eungella, E. hystricosus, E. 
setosus, and E. sulcatus were collected from the field with a dip net (see Table 1), trans- 
ferred to liquid nitrogen for transportation, and once in the lab stored at —75°C. 
Specimens were identified using Morgan’s (1988, 1989) keys. Voucher specimens will 
be lodged with the Queensland Museum once this study is completed. 

Samples of E. suttoni were provided by Adrian Dawson. Tissue samples of E. 
spinifer were obtained from alcohol preserved samples from the Queensland Museum. 
Total genomic DNA of Cherax quadricarinatus was provided by Peter Mather, 
Queensland University of Technology. 


DNA Extraction, PCR Amplification and Sequencing 


Total genomic DNA was extracted by placing approximately 50 mg of muscle tis- 
sue in 350 1 of extraction buffer (0.5 M Tris pH 8.0; 0.25 M NaCl: 0.025 M EDTA: 0.175 
mM SDS) and 1 ¡ul Proteinase K and incubated overnight at 55°C. Samples that were 
stored in alcohol were first soaked in STE for 10 mins. Proteins and lipids were removed 
by sequential extractions with equal volumes of phenol, phenol-chloroform-isoamyl 
alcoho] (25: 24: 1) and chloroform-isoamyl alcohol (24: 1). DNA was precipitated at 4°C 
in 3 M sodium acetate (1/3 volume) and isoproponol (1 volume). Pellets were washed in 
70% ethanol, dried and resuspended in 50 ul of TE buffer (10 Tris HCl, | mM EDTA, 
pH 7.5). 

The 16s ar and br primer set (Simon et al. 1994) was used to amplify a 461 base 
pair section of the 16s mtDNA fragment. PCR reactions contained 30 nMol each of 
dATP, dGTP, dCTP and dTTP (Promega), one unit of TAQ DNA polymerase (Promega), 
2.5 mMol MgCl» (Promega), 5 ul of 10 x polymerase reaction buffer (Promega), 0.5 
Mol of each primer, 0.2 ug of template DNA and adjusted to a final volume of 50 1. 
DNA was initially denatured at 95°C for 5 min, then 35 cycles of 94°C denaturing for 1 
min, 50°C annealing for 30 sec, and 72°C extension for 1 min, followed by a final 68°C 
extension step for 5 min. 
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TABLE 1 


Collecting location of samples. 


Specimen Collecting Locality 

E. robertsi Hilda Ck., Thornton Peak 

E. fleckeri Paul's Luck, Mt Spurgeon 

E. balanensis Kauri Ck., Lamb Range 

E. eungella Cattle Ck., Clarke Range 

E. hystricosus Bundaroo Ck., Conandale Range 
E. setosus Greens Falls, Mt Glorious 


E. sulcatus Canungra Ck., Lamington Plateau 


Three ul of the resulting PCR product was run on agarose gels and visualised using 
ethidium bromide. The remaining product was cleaned using Bresaclean (Bresatek), fol- 
lowing the manufacturer’s instructions. Sequencing reactions were carried out using dye 
terminator cycle sequencing reactions (Perkin Elmer) as per manufacturer’s instructions. 
3040 ng of cleaned template DNA and 3.2 pmol of primer were added. Sequencing was 
carried out on an Applied Biosystems 373 automated sequencing machine. Both the light 
and heavy strands were sequenced. 


Sequence Alignment and Phylogenetic Analysis 


Sequences for E. bispinosus, Cherax destructor albidus (formerly C. albidus, see 
Campbell et al. 1994) and Geocharax gracilis, published by Crandal et al. (1995), were 
incorporated into the analysis. Sequences were aligned with the program Clustal V 
(Higgins 1992). 

Genetic distances between sequences were calculated with Mega (Kumar et al. 
1993) using the Tamura-Nei distance estimation model. Maximum likelihood analysis 
was performed using DNAML in Phylip (Felsenstein 1993) incorporating a transitions to 
transversions ratio of two. Unweighted maximum parsimony analysis was performed 
using the branch and bound search option in PAUP (Swofford 1993). Neighbour joining 
analysis was performed using Mega (Kumar et al. 1993) with a Tamura-Nei distance 
estimation model. Neighbour joining trees were constructed with gaps and missing infor- 
mation treated as both complete deletions and as pairwise deletions. Bootstrap values 
were calculated using 1,000 replications. G. gracilis, C. quadricarinatus and C. d. 
albidus were used as outgroups. 


RESULTS 


The genetic differentiation between species is presented in Table 2. The phylogram 
generated by the maximum likelihood method, and geographic location of each species, 
is presented in Fig. 1. It appears that the Queensland Enastacus examined are mono- 
phyletic (bootstrap 79%) to the exclusion of the southern species E. spinifer and E. 
bispinosus. Within this group there are three well supported clades: E. robertsi/E.bala- 
nensis (bootstrap 100%), E. eungella/E. setosus (bootstrap 70%) and E. hystricosus/E. 
sulcatus (bootstrap 74%). All three methods of phylogenetic analysis generated these 
clades. There is incongruence between the phylogenetic relatedness and geographic loca- 
tion of E. eungella and E. setosus. These two species clade together but occupy ranges 
which are geographically distant. 
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TABLE 2 


Sequence divergences generated using Tamura-Nei distance estimation model. 


2 3 4 5 6 7 8 9 10 11 12 13 
1 .0277 .0813 .0966 .0930 .1028 .0983 .1172 .1161 .1741 .2460 .2488 .2919 
2 .0737 .0946 .0967 .0891 .1021 .1091 .1051 .1622 .2530 .2323 .2655 


3 .0421 0675 0514 .0597 0676  .0730  .1389 .2671  .2101  .2507 
4 .0643  .0414 .0698  .0672  .0749  .1268  .2756  .2382  .2466 
5 .0803 .0471 .0652 .0835 .1449 .2462 .2366 .2627 
6 .0746 .0651 .0596 .1405 .2632 .2377 .2560 
7 0577  .0676  .1417 .2430 .2269  .2633 
8 .0603 .1492 .2377 .2333  .2613 
9 -1007 .2285 .2215 .2530 


10 2673 .1762  .2187 
11 .2671  .3139 
12 2 2425 


1. E. robertsi, 2. E. fleckeri, 3. E. balanensis, 4. E. eungella, 5. E. hystricosus, 6. E. setosus, 7. E. sulcatus, 8. E. 
suttoni, 9. E. spinifer, 10. E. bispinosus, 11. C. quadricarinatus, 12. E. C. d. albidus, 13. G. gracilis. 


DISCUSSION 


There are at least three hypotheses that can be erected to explain the evolution of 
the Queensland Euastacus; and because the mode and tempo of evolution will determine 
the shape of the phylogeny (Purvis 1996 and references therein) there are at least three 
topologically different hypothetical phylogenies. 

The first is a vicariance hypothesis. Once the ancestral Euastacus evolved it spread 
rapidly along the east coast of Australia during periods when favourable habitat pre- 
vailed (wet and cool) and when there were few barriers to dispersal. Once climate 
changed (warm and/or dry), the range of the ancestral Euastacus receded up the moun- 
tain ranges. Vicariance resulted in allopatric speciation. If this hypothesis is valid, one 
would expect neighbouring species to be more phylogenetically similar to each other 
than they are to geographically distant ones. Furthermore, if a shift in climate resulted in 
simultaneous vicariance events across the whole of the ancestral range, one would expect 
similar branch lengths leading to the tips of clades. There should be very few internodes, 
and for the internodes that are present, the branch lengths separating internodes should 
be very short. The tree should also be balanced. 

The second hypothesis is stepwise colonisation. Once the ancestral Euastacus 
evolved, there was a progressive stepwise colonisation and isolation. In this scenario, 
too, one would expect that there would be geographic and phylogenetic congruity. In 
this scenario, though, one would expect a well delineated basal clade, giving rise to 
another clade, which in turn is basal to another clade. The topology of the tree would 
not be symmetrical because the more derived clades would have much shorter branch 
lengths. The basal clades should correspond to where the ancestral Enastacus evolved. 
If the ancestral Euastacus evolved in southern Australia, one would expect the southern 
species to form the basal clades of the phylogeny and the northern species to be derived 
from them. 
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Figure 1. 16s mtDNA maximum likelihood phylogeny showing geographic location of each species on a 
schematic map. Neighbour joining bootstrap values have been included. 


In the third hypothesis the evolution of the group may be accounted for by multiple 
range expansions and vicariance events. The ancestral Euastacus once evolved, extends 
its range, then contracts leading to vicariance. These new forms extend their range when 
conditions are suitable, and then contract again when conditions are not favourable. In 
this scenario, one would not expect absolute congruence between geography and phylo- 
genetic relatedness. It is expected there would be well defined lineages that correspond 
to the periods of isolation. There should be some structure evident where closely related 
species would be geographical neighbours. Importantly, not all geographically neigh- 
bouring species would be closely related to each other. 

The most plausible of the three hypotheses seems to be the multiple range expan- 
sion-vicariance hypothesis because there is some incongruence between the phylogenetic 
relatedness and geographic location of some species. These hypotheses can not be tested 
because the 16s phylogram is generated from a preliminary data set and is not fully 
resolved. 
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There are, though, a few further points worth considering. First, E. bispinosus (a 
Victorian species) is the basal clade of the phylogram generated. It has long been postu- 
lated that southern Australia was the centre of origin of the Enastacus (Riek 1969). 

Second, the genetic distances between species indicate differentiation in the late 
Miocene or early Pliocene. Moritz et al. (1997) have outlined some of their work on the 
speciation of a number of endemic Queensland rainforest-restricted vertebrate taxa. 
Using the same fragment of 16s mtDNA, and assuming a 16s molecular clock that had 
genetic divergences of 1% roughly equating to 1 million years (C. Moritz pers. comm.), 
they tentatively postulated that speciation within these groups probably occurred during 
the Miocene or early Pliocene. If we apply the same clock to this data set (noting that 
the clock has not been calibrated nor developed for invertebrates), we get similar fig- 
ures indicating differentiation in the late Miocene or early Pliocene. These speciation 
events may coincide with the late Miocene contraction of mesic rainforests (Moritz et 
al. 1997). Interestingly, there is a Euastacus-like fossil Parastacid from the Eocene 
(Sokol 1987). 

Based on the preliminary 16s mtDNA data, a hypothesis can be erected to explain 
the possible evolution of the Queensland Euastacus. There was a range expansion of a 
southern Enastacus into Queensland. A subsequent range contraction resulted in at least 
two ancestral Queensland forms. These underwent a subsequent range expansion. A shift 
in climate, possibly the late Miocene drying, resulted in allopatric speciation of these 
ancestral forms. 

The main reason for proposing a multiple range expansion-vicariance hypothesis 
for this group is that E. setosus, whilst being geographically closest to E. hystricosus and 
E. sulcatus, is phylogenetically closest to E. eungella. Another interpretation which may 
account for this incongruence is that the phylogram does not accurately reflect the evolu- 
tionary diversification of this group. Other genetic studies on crayfish (see Crandall and 
Fitzpatrick 1996; Crandall et al. 1995; and Avery and Austin 1996) found inconsistencies 
between the genetic and morphological data. In this case, however, the genetic data are 
consistent with Morgan’s (1988) morphological revision. 

We know very little about the dispersal capabilities of this group, les alone the dis- 
persal capabilities of any hypothetical ancestor. Merrick (1983) and Morgan (1997) have 
noted that the dispersal capabilities are probably very limited within this group. 

A few studies have tried to estimate the dispersal capabilities of species within this 
group. Geddes et al. (1993) used allozymes to infer gene flow within E. armatus. They 
found that this wide-ranging and, in some respects, unusual species (Morgan 1997), had 
a high level of genetic continuity across its range. Similarly, allozymes were used by 
Ponniah (1992) to infer the dispersal capabilities of E. hystricosus. However, he did not 
detect enough allozyme variation to be able to make any firm inferences. 

We are currently investigating the dispersal capabilities of four Queensland species 
of Euastacus (E. robertsi, E. fleckeri, E. hystricosus and E. sulcatus). Our study is 
focussing on the mode of dispersal (instream vs overland) and the types of habitats that are 
barriers to dispersal. We are using allozymes, mtDNA and the genetic population structure 
of the ectocommensal temnocephalans that inhabit these crayfish. Unpublished data for E. 
robertsi, which has three disjunct subpopulations, indicates that this species has very limit- 
ed dispersal capabilities between populations on different mountains, and even between 
streams on the same mountain which are not connected by continuous rainforests. 

We are also trying to construct a more robust mtDNA phylogeny by adding COI 
mtDNA sequence data. We will include the remaining species found in Queensland, 
incorporate sequence data from two individuals from each species, and incorporate a few 
more southern species so that the Queensland species may be put into context. With the 
development of a robust molecular phylogeny, the development of a reasonable molecu- 
lar clock, and a better understanding of the dispersal capabilities of select members with- 
in the group, more light may be shed on the evolution of this group. 
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Aligned sequences of the 16s mtDNA region for some members of the genus Eustacus 
and for Cherax quadricarinatus. 


1 111111112 2222222223 3333333334 4444444445 

1234567890 1234567890 1234567890 1234567890 1234567890 
1(E. robertsi) GCCCATTG-G GTTACTAAAA GGCCGCGGTA TAGTGACCGT GCGAAGGTAG 
ME MAT A agoorognag Toeranerga Soooapaooo er Seco 
ACE DOES arn ene ane Tong Soott ospa esoo soso ā Doto go roio 
as. AN P G a a a a o a ae 
E a OSS a a aaa a a a ie Ed Se 
6(E. setosus) He a ROL a a ee O a Meena rn geting sg. 
WUE, SIGHS) nse cebno06 o ooo SHOSS Sates Sebagennnps sete coaons 
NUE, GUID) 5 6 oe Gn oo ea Go one O eee thea non on 
QUE, GHP) oon bee oon n Dobson geag SF OSSHSh OG soon BOdGooraes 
10(Cheraxquad) .......... MG = Ge A nm ee eee Ae Led are oe nee Boe ne 


5555555556 6666666667 7777777778 8888888889 9999999990 
1234567890 1234567890 1234567890 1234567890 1234567890 
I(E. robertsi) CATAATCATT TGTCTTTTAA GGCCGCGGTA TAGTGACCGT TTGGACGAAA 


A E 
3(E. balanensis) .......... A IR A O a Oe EE 
MEA A aa ere E eee ree eae A ach co te ee Ke Ye 
5(E. hystricosus) .......... Ae a eee ee Fes wanton e con een Oe encour OO Ga ae eo oH 
6(Basciosus)) se eee A as ge lO aa E ee eee A de 
T(E. sulcatus) .......... AG eee ter Sg ee Aon, enone, aD ogy greet Rew estilo es ee eee G. 
8(E. suttoni)  .......... AEE E O de Sten ANG etre RS E ANGI Ecos G. 
NE. spinifer) .......... TING OB, AA Hee NG: ce eee, Bite Re tsar eee ker ae ee G. 
lO(Cheraxquad) .......... LA oo theo eo é GSA Ee Sue, ee G. 


1111111111 1111111111 1111111111 1111111111 1111111111 
0000000001 1111111112 2222222223 3333333334 4444444444 
1234567890 1234567890 1234567890 1234567890 1234567890 
1(E. robertsi) AGCGATCTGT CTCTA-TGGG AGTAATTGAA TTTAACTTTT GAGTGAAAAG 


AUS. JCAL es We ee boa) aie ee lends BARA eee, ck ec, O 
3(E. balanensis) ..T....... A Ql yes e os Gi eo da GER 
EIA o a E aeoo ee ay A A Geet ee Gaos 
5(E. hystricosus) . VA... oo...» TR AA E E E oan 
6(E. setosus) ..T....... EGE TTA EAE eee ee Neco et mrane G. 

WE sale) oo Wbeosonos conoser Tat osWNeencdees Sou tecedna 28 Gen Goes: 
8(E. suttoni) sg IS ce E eA A ip eh, Somer een, ciel Go. 
9(E. spinifer) ..TA...... EEG A A o ARO PR G 

10(Cheraxquad) . .GA.G.... anaana. CCG ACTE eee es oe 
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18 16s mtDNA PHYLOGENY OF EUSTACUS 


1111111111 1111111111 1111111111 1111111111 1111111112 
5555555556 6666666667 7777777778 8888888889 9999999990 
1234567890 1234567890 1234567890 1234567890 1234567890 
1(E. robertsi) GCTTAAATGG TCTAGGGGGA CGATAAGACC CTATAAAGTT TAACATTATA 


AVE UAT ee TO E AS NO A AA O A ss Gy 
SCENDALAN EN SS VR es ES E LE SE o ancien che age oe 
A(E. eungella) ......... ASN o E E a A 
S(E. hystricosus) aaa A A A a Rr orn E Goa ANG 
OLER Coss E Ads AS A o AS AAN 
HEESUICA LUST en. A A al Lc o a G 
SERSUT ane nee A es | A A AS al en oo 0 
9 (EES) E ye een cones POE A eee O IO A seb T EE 
lO(Cheraxquad) ......... yaar Gi CA ct ae a A pO hee ee aay ..TACA.G.. 


DDD A IA AL AA AAA AA A AA AAA 
0000000001 1111111112 2222222223 3333333334 4444444445 
1234567890 1234567890 1234567890 1234567890 1234567890 
ME. robertsi) GTAGTGAAAG ATTGATT--A AGT---TGTA GAATTTTTT- ATTATGGGTA 


AVE MESA) sc ocooos. CA A AE Ac. Ob... so MEENE 
3(E. balanensis) A. .A.A...A G..A GG. ES AG A G . AAA 
E. eungella) A. JACA.T.A G..T GGG .—...... A. AG AA G..AA 
(ENS IICOS US e A A eye CA G T E GCAAA 
6(E. setosus) AC.ACA.G.A G..A...GGG .-...... C. A.GA A.T G..AA.. 
ICEFSUICA TUS) IAS A ea, GA GG E a AAA.. 
8(E. suttoni) n A a a a Goh AG. AG.AC..A.T G.AA 
9(E. spinifer) AC.A.AG..A ...A..... = G.A....TAT A.GA...A.T -COARNE 
10(Cheraxquad) ..T.GTT... .G..... TASS Gane. GT.. A.G-...A.T .CC.GCA.-G 


2222222222 2222222222 2222222222 2222222222 NON RRA 

5555555556 6666666667 7777777778 8888888889 9999999990 

1234567890 1234567890 1234567890 1234567890 1234567890 
1(E. robertsi) GTGTTTTGTT GGGGCGACAA CGATAAGACC CTATAAAGTT TTCTTTTTTG 
BEE RD A ate bron ee ee ee SRG ena ee ee ee 
SCE? DalanensiS yS Matas A eae ane AE a Ee A 
ACE eu e Cll a\ae E E E A See Un eee C p22 p34 0. 2 e 
SCHR IY SITICOS US) MAC aes se tees coe Bee 2 ee ptt nA shay E vba ne ic) el a N T O 
GCESSCLOSILS), a) "Re ire E Reg ETS. ee ve tg), Ree EE A T 
TE SULCALUS ee Ne eee eee on rG ea ees Ree ee en eee 
SCE SUTION A en ea (OR Gen Cure a E eee ee ae Vy NN 
NE spinifer) ARA SS A A E nl A E 
l0(Cheraxquad) ...... aren ide O A ee: LA E e TEC AGAN 


33333333323 3333333333 3333333332 SS SS SS SIS ES 
0000000001 1111111112 2222222223 3333333334 4444444445 
1234567890 1234567890 1234567890 1234567890 1234567890 
I(E. robertsi) TA--ACAAAT ATGTTTGGGT TAATGATC-T TTTTAAGAGT ATTAGAGTAA 


AE. fleckeri) O ae oe E MA A dto le e il EN GS Goo o o 
3(E. balanensis) LE A FR A A RNA 
ME. eungella) MEE A A E Sere NA 
METIYSIACOS US) EOS A A A A A A 
6(E. setosus) T Pa Geer A A AS A A 
T(E. sulcatus) (in. ere A en oer MA 
8(E. suttoni) IEG Or A A eRe ee pr AO ae 
O(E. spinifer) eee O - O a n A A e tea cr menu TEE o ose 
10(Cheraxquad) A. ATCAG.GA TAT. .CTTC s GATE MS GA. MAGA 
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SIDAD JIJIA IIA BISSISIIS3 BISBISISISS SISTIISISA 

5555555556 6666666667 7777777778 8888888889 99999999090 

1234567890 1234567890 1234567890 1234567890 1234567890 
I(E. robertsi) ATTACTTTAG GGATAACAGC GTAATTTTTT TT-GAGAGTT CTTATCGACA 
ANUARIO, a ee E ca iat cle A A hoes A RE A tee cranes Painter eine Meter aera el acter ick ace 
BERD LOMENISTS Wi EE eae E T E ea oe a a Cores ee cai, (FM on hee Ren ore eee Zt 
ANGER CANATUAN A age pr ic me STOO read E A ee ee ee Pe N E 
ER TICO a a td Wie pemstute a alk re 
CERES CLOS IS A O SA A ace Scone 
VUE US Mee eer et ner eR A eet ae o o oda 
S(E. suttoni) ..... Payee 2 ae See Ce ye oe ey Caner A eee e CRS Ce eee 
O END CO Reta neh ee eee o eee Pee ic: 
OCC eax UAC) Mime were rene mn ers er A ade AS IIA E E E es S 


4444444444 4444444444 4444444444 4444444444 4444444444 
0000000001 1111111112 2222222223 3333333334 4444444445 
1234567890 1234567890 1234567890 1234567890 1234567890 
I(E. robertsi) AGAAAGTTTG CGACCTCGAT GTTGAATTAA AGATTCTTTA TA-GTGTAGG 


EM TECKEN R E E E A A A O oh T E E E A 
SUERO CIC IS) A a ee ee ee es) ek ads E Sees ee ASES 
A(E. eungella) Ad do as A E + o e AE evA 
ERIN COSSA E ee UAE ere re eevee etek ee vise cue? vn Oey ee rears Greer wea: A 
6(E. setosus) O BN pee A E ee O MeN rae Ae A 
T(E. sulcatus) AEG S aloes sop oh =e A E ee es uO A Renae E aA ae Area err ke ar 
S(E. suttont) Ave Ciera Sars Gaara foe) Crate seen a en yarn ast gs ae Sy AA A 
O(E. spinifer) AOS OMe E a) si en eis eens ey E S krone Geen O fe Sc ee ESTÁ 
WEA AA A DE A E EMO arate T 


4444444444 4 

5555555556 6 

1234567890 1 
I(E. robertsi) TGCTATAGAA G 
PCE lecker E ea eee 
3(E. balanensis) A. 
4(E. eungella) A. 
S(E. hystricosus) A. 
6(E. setosus) A. 
T(E. sulcatus) A. 
8(E. suttoni) A. 
9(E. spinifer) A. 
10(Cheraxquad) A. 


Ses a 
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